Gut-associated lymphoid tissue (GALT) in the large intestine was characterized in 12 calves (10 to 84 days old) obtained at necropsy (7, group A) or healthy animals (5, group B). Patches of mucosal lymphoid follicles were in all calves at ileocecal entrances (ICE), 23-42 cm distal to the ICE in the proximal loop of the ascending colon (proximal colon [PC] patch), and in the terminal rectum. PC patches varied from 8 to 30 cm in length. Solitary lymphoid follicles were found in the cecum of three calves, between the ileocecal entrances and the PC patch in four calves, adjacent to the PC patch in all calves, and in the ampulla recti. GALT occupied 7.8% of the large intestinal wall in animals of group A 0.6% at the ileocecal entrance, 4.8% in the proximal colon, and 2.4% in the rectum. There were two different types of mucosal lymphoid follicles in group B: propria nodules with lymphoid follicles predominantly in the lamina propria, and lymphoglandular complexes with lymphoid follicles in the submucosa. In three 3-, 6-, and 7-day-old, germfree calves, distinct follicle-associated epithelium covered propria nodules and covering folds in depths of the lymphoglandular complexes; it was characterized by numerous intraepithelial cells and lack of goblet cells.
Gut-associated lymphoid tissue (GALT) in the large intestine has been characterized in normal catcats,I3 rats,5 Australian echidna, 34 and humans.14J6, 37 In the domestic cow, GALT is present as solitary lymphoid follicles throughout the large intestine. In addition, there are lymphoid patches at the ileocecal entrance and in the proximal colon.6J2J3, 20, 33 Histologically, lymphoid follicles form units, termed lymphoglandular c o m p l e x e~,~ which are lymphoid follicles in the submucosa that contain epithelial diverticula which extend from the mucosa.
Colonic lymphoid patches in the proximal colon are the site ofdamage by bovine virus diarrhea virus (BVD), i.e., focal, chronic, cystic c o l i t i~.~~,~~ Colitis with lesions restricted to this area has also been reported in calves infected with Cryptosporidium sp. 28 In pigs, changes in the discrete lymphoglandular complexes of the large intestine occur in treponema infection, I I niacin defic i e n~y ,~ salmonellosis,I8 and diarrhea and runting of unknown etiology.38 1,2-Dimethylhydrazine dihydrochloride-induced colonic tumors of rats are significantly associated with lymphoglandular complexes. 24 In humans, lymphofollicular hyperplasia and cystic colitis were described in association with neoplastic and inflammatory diseases of the large i n t e~t i n e .~, '~, '~,~~,~~ Early ulcerative lesions in Crohn's disease affect selectively the epithelium overlying the lymphoid follicles in the large i n t e~t i n e .~~.~~ tle,6.12,13,20,33 ~heep,6.I2,I3 pigs,4.6,11-13,22 h o r~e~, 6 dogs,2. 13 The objectives of this investigation were to describe the distribution and morphology and to determine the area of GALT in the large intestine of calves.
The functional significance of GALT in the large intestine and its role in the pathogenesis of inflammatory bowel disease have not yet been well defined.
Materials and Methods

Animals
Seven calves (group A) were used for macroscopic determination of the distribution and amount of gut-associated lymphoid tissue (GALT) in the large intestine only. These calves were 10 to 56 days old, three females and four males, of various breeds, and with different disease conditions. They were chosen from fresh necropsy material. Five conventionally kept, 84-day-old male Holstein Friesian calves (group B) were used for macroscopic determination of the distribution and for histological examination of GALT. Tissues from three, 3-, 6-, and 7-day-old calves (group C) were used for serial sections to confirm the light microscopic results. Two were of Angus breed and one of Pinzgauer breed. These animals were raised germfree, but had served in an experiment to evaluate local Moraxella bovis infection and had been exposed to this bacterium for 2, 10, or 45 hours by conjunctival inoculation.
Distribution and area of GALT
Intestines from animals of group A were prepared by a method originally described by Carlem6 Cecum and colon 503
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A RECTUM Fig were removed and opened along the mesenteric attachment site. The mucosal surface was rinsed gently with cold water for cleaning purposes. Then the intestines were washed in cold running water for 12 hours, fixed in 2% acetic acid for 12 to 24 hours, stained in 0.5% methylene blue for 3 to 5 minutes, and rinsed for 2 to 3 hours to remove excess dye. The intestinal walls were seen in translucent light, and the outline of the intestinal wall and GALT were traced. The length ofthe large intestine, the distance between the ileocecal entrance (ICE) and the patch of lymphoid follicles in the proximal colon (PC), the length of the patch in the PC, and the extension of solitary lymphoid nodules along the colon were measured in cm. The areas of large intestine and of GALT were determined by an Image Analyzer (SEM-IPS, Zeiss). At least four colonic localizations of each animal where lymphoid follicles had been identified macroscopically were prepared for light microscopy to be sure that GALT was evaluated.
Distribution and histological appearance of GALT Animals of group B were euthanized with sodium pentobarbital, the abdominal cavity was opened in the right flank, and the cecum was exteriorized for orientation. The distal ileum and the distal colon were ligated, and the lumen of the large intestine was infused with 10% neutral buffered formalin. The dilated intestinal loops were viewed with translucent light, and the location of GALT was recorded as in animals of group A. For light microscopic examination from each animal, at least nine samples containing lymphoid follicles were collected at the ICE, in the PC, and from solitary follicles in the distal colon, embedded in paraffin, and sections stained with hematoxylin and eosin (HE).
Serial sections of GALT
Animals of group C were anesthetized and samples collected as described (Liebler et al. submitted for publication). Distal ileum, cecum, and proximal colon were intraluminally fixed with cold, 3% glutaraldehyde in 0.1 M cacodylate buffer for at least 2 hours. Representative tissue squares containing lymphoid follicles were selected under the dissecting micro-scope at the ICE and in the PC and embedded in glycolmethacrylate flat or on edge for horizontal and vertical sections. The blocks were serially cut at 3-pm thickness, and the sections were stained with toluldine blue.
Results
Distribution
In all calves, patches of lymphoid follicles were at the ileocecal entrance (IC patch), in the proximal colon (PC patch), and in the terminal rectum (RC patch) ( Fig. The irregularly oval-shaped IC patch was continuous with the ileal Peyer's patch and extended from the ileocecal entrance (ICE) into the colon (Fig. 2) . Solitary lymphoid nodules were scattered around it.
The PC patch was located at the transition between the proximal loop and the coiled loop of the ascending colon, 23-42 cm distal to the ICE. The circumference of the large intestine decreased markedly at this point, causing a funnel-shaped appearance of the distended loop (Fig. 3) . The lymphoid follicles extended around the whole intestinal circumference over a length of 8-30 cm. Towards the end, a continuous change to solitary follicles occurred (Fig. 4) .
The frequency and distribution of solitary lymphoid follicles (SLF) vaned between individual animals. Three of the 12 calves had a few, scattered lymphoid follicles in the cecum. Four calves had SLF and small patches between the IC patch and the beginning of the PC patch. The extension of SLF distal to the PC patch along the large intestine ranged from 6 to 201 cm.
Systematic evaluation of rectal mucosa was done in five animals only. In all of them, SLF were present in the ampulla recti. At the end of the rectum, in the plicate zone, small triangular patches were evenly distributed around the circumference of the anus.
Data for the distribution of GALT in the large intestine are summarized (Table 1) . 1). 
Area
The percentage of area of GALT in the large intestine in animals of group A ranged from 4.5% to 13.3% with an average of 7.89'0. An average of 0.6% was located at the ileocecal entrance, 4.8% in the proximal colon, and 2.4% in the rectum.
Light microscopy
Lymphoid follicles in the large intestine of animals of groups B and C occurred as two morphologically different units: propria nodules and lymphoglandular complexes. In propria nodules, lymphoid follicles were mainly in the lamina propria ( Fig. 5) . Lymphoid follicles had one germinal center, which was covered at the luminal side by a cap of small lymphocytes. The lamina propria above the lymphoid follicle was infiltrated by lymphocytes and formed a blunt elevation, which ended on a slightly lower level than the regular large intestinal ridges. The three-dimensional appearance was reconstructed by serial sections and is comprehensively demonstrated in a schematical drawing (Fig. 8) . The center of the elevation and the luminal part of the adjacent wide crypts were lined by distinct follicleassociated epithelium which was characterized by pale cells without well-defined brush border, numerous intraepithelial cells, a few enterocytes, and the lack of goblet cells ( Fig. 6) .
In the lymphoglandular complexes, the lymphoid follicles were almost completely located under the it branched in numerous smaller diverticula. In the center, an asymmetrically shaped, transverse fold of lymphoid tissue protruded from the bottom. Only this fold was covered by follicle-associated epithelium as described overlying the propria nodules (Fig. 7) . The lymphoglandular complexes of the gnotobiotic calves (group C) were associated with one germinal center, while several were present in conventionally kept animals of group B.
Large amounts of parafollicular tissue were present in the patches, while they were absent around the solitary lymphoid follicles. Propria nodules were more frequent in the young, gnotobiotic calves (group C), while lymphoglandular complexes were predominant in the older, conventionally raised calves (group B).
Discussion
In our calves, patch-like accumulations of gut-associated lymphoid tissue (GALT) were consistently found at the ileocecal entrance (ICE), in the proximal colon (PC), and in the rectum, while frequency and distribution of solitary lymphoid follicles was variable. These results confirmed previous s t u d i e~.~J~,~~ The distribution of GALT along the large intestine is similar in all examined ruminants, cattle, and sheep.6 It is, however, markedly different in other animal species. Solitary lymphoid follicles only were described in humans, 1635 pigs,4,6,11-13,22 and horses,6 while patches were found in the colon of rats only.s This may be due to differences in the embryological development of the ruminant large intestine. It may also have functional significance.
It was evident in the dilated loops of animals of group B that the colonic diameter was reduced at the transition between the proximal and the spiral loop of the ascending colon where the PC patch is located, thus giving the large intestine in this area a funnel-shaped appearance. By this, the flow of ingesta will be altered, and thereby the duration of direct luminal contact be'tween antigen and the follicle-associated epithelium covering the lymphoid tissue will be changed.
In animals ofgroup A, 4.5-13.3% of large intestinal area was occupied by GALT. This considerable variation may be caused by the different disease conditions of the necropsy material. The average of 7.8% compares to an average of 8.6% in the small intestine19 and indicates a potential immunological significance of the large intestine.
Variations in the area of GALT and especially of the number of solitary lymphoid follicles (SLF) raise the question whether the development of lymphoid follicles is embryologically predetermined for the breed or the individual animal, or whether they develop postpartum depending on age or exposure to antigen.
In chickens, destruction of lymphoid follicles in the bursa of Fabricius can be induced by testosterone;*l when follicle-associated epithelium was destroyed, no redevelopment of lymphoid follicles was seen. A similar effect might be caused in the bovine species by hormonal growth promoters, mycotoxins, or viral infections, e.g., bovine viral diarrhea (BVD), resulting in a congenitally reduced amount of GALT. Comparison of histological sections of animals in groups B and C suggest that the size of each lymphoid follicle and the development of germinal centers is influenced by contact with antigen. Whether this secondary development can compensate for a congenitally lower amount of lymphoid tissue requires further investigation.
The amount of GALT may be responsible for differences between individuals in resistance to disease. Reduced GALT may cause increased susceptibility to disease or predisposition to allergic reaction^.^^^^,^^ However, if the follicle-associated epithelium is considered as a channel for i n f e~t i o n ,~~,~~ then reduced GALT might be associated with decreased incidence of infection. 26 The morphology of lymphoid nodules in the large intestine varies between animal species. In cattle, two types (lymphoid nodules in the lamina propria and lymphoglandular complexes below the lamina mus-cularis mucosae) are present in the large intestine. In other animal species, either lymphoid nodules in the lamina propria or lymphoglandular complexes have been described exclusively. The increase of lymphoglandular complexes in the older, conventionally kept calves may be caused by age, nutrition, or the microbial microenvironment.
Different types of lymphoid nodules might also be associated with different functions. Reports of colonic diseases describe a predominant involvement of lymphoglandular complexes. In ulcerative colitis of humans, lymphoid nodules weaken the muscularis mucosae and promote herniation of epithelium.8 By entering lymph'dglan&ular complexes, invasive agents and especially parasites may overcome the barrier of the lamina muscularis m u c o~a e .~~ Further studies of GALT in the large intestine in different age groups and under disease conditions are needed to obtain more information about its functional significance and its role in the pathogenesis of disease. 
